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7 .  Summary  and  conc lus ions
z. t . Ihc-ghgPlere-eI-!b!:-!be:i!
In  th is  thesis  we at tempted to shed some more f ight  on st ructura l  aspects of
t he  ac t i on  o f  phospho l i pase  A ,  (PLA2) .  The  enzymes  tud ied  i n  t h i s  t hes i s  a l l  be -
l ong  to  t he  c lass  o f  ex t race l l u l a r  PLA2 ' s ,  bu t  as  men t i oned  i n  t he  i n t roduc to ry
chapter ,  we have reasons to bel ieve that  resul ts  obta ined wi th such enzymes,  at
l eas t  pa r t i a l l y ,  a l so  ho ld  f o r  t he  i n t race l l u l a r  PLAZ 's ,  wh i ch  tu rned  ou t  t o  p lay
impor tan t  ro les  i n  t he  regu la t i on  o f  va r i ous  ce l l u l a r  r esponses .
In the f i rs t  chapter  we g ive a shor t  overv iew over  the most  important  funct io-
na l  and  s t ruc tu ra l  p rope r t i es  o f  panc rea t i c  phospho l i pases  A r .
In chapter  2 we descr ibe the re-determinat ion of  the st ructure of  porc ine
panc rea t i c  phospho l i pase  A ,  a t  2 .64  R  reso lu t i on  us ing  mo lecu la r  rep lacemen t
me thods .  Th i s  i s  an  ex tended  ve rs ion  o f  t he  pape r  by  D i j ks t ra  e t  a l .  ( 1983a ) .  I n
con t ras t  t o  an  ea r l i e r  r epo r t  (D ren th  e t  a ] . , 1976 )  and  as  expec ted  f rom the  h igh
degree of  homoiogy in  amino acid sequence,  the new st ructure d isplayed great  s t ruc-
t u r a l  s i m i l a r i t y  w i t h  t h e  b o v i n e  e n z y m e  d e t e r m i n e d  b y  D i j k s t r a  e t  a l .  ( 1 9 7 8 , 1 9 8 1 a ) .
Du r i ng  the  re f i nemen t  i t  became obv ious ,  t ha t  t he  c r ys ta l s  con ta ined  the  ma tu re  en -
zyme and not  the pro-enzyme that  had been set  to  crysta l l ize.  The geometry of  the
ac t i ve  s i t e  o f  t he  po rc ine  enzyme i s  v i r t ua l l y  i den t i ca l  t o  t ha t  o f  t he  bov ine  en -
zyme .  The  l a rges t  d i f f e rences ,  i nc lud ing  the  d i sappea rance  o f a  sho r t  he l i x ,  a re
found  i n  a  reg ion  c lose  to  t he  N - te rm inus ,  compr i s i ng  res idues  58 -70 .  Th i s  obse rva -
t i on  i s  ve ry  i n t r i gu ing ,  because  w i th in  t h i s  range  o f  13  res idues ,  t he  on l y  am ino
ac id  d i f f e rence  i s  t he  subs t i t u t i on  o f  Va l  63  i n  t he  bov ine  enzyme by  a  Phe  i n  t he
po rc ine  enzyme.  I t  a l so  i l l us t ra tes  t he  d i f f i cu l t i es  i nvo l ved  i n  t he  p red i c t i on  o f
secondary st ructures f rom amino acid sequence informat ion only.  As pointed out  by
D i j ks t ra  e t  a l .  ( 1983b ) ,  a  pa radox  i s  c rea ted  by  t he  f i nd ing  tha t  p ro te ins  w i t h  as
l i t t l e  as  20% iden t i t y  i n  t he  am ino  ac id  sequence  d i sp lay  a  ve ry  s im i l a r  f o l d i ng
(e .g .  spe rm wha le  myog lob in  and  the  subun i t s  o f  ho rse  haemog lob in ) ,  whe reas  uch  a
sma l l  l oca l  change  i n  am ino  ac id  p rope r t i es ,  as  reques ted  by  t he  subs t i t u t i on  o f  a
Va l  by  a  Phe  w i th in  a  pep t i de  o f  13  res idues ,  can  l ead  to  a  comp le te l y  d i f f e ren t
conformat ion of  the surrounding region.
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The companison of  the st ructures of  bovine and porc ine PLAZ, wi th specia l  em-
phas i s  on  the  i n te r face  recogn i t i on  s i t e  ( IRS)  as  p roposed  by  D i j ks t ra  e t  a ' I .  ( 1981b )
d id  no t  c l ea r l y  revea l  o the r  spec i f i c  s t ruc tu ra l  d i f f e rences  wh ich  m igh t  exp la in  t he
observed d i f ferences in  k inet ic  propert ies between the two enzymes.  Therefore we
asc r i be  these  d i f f e rences  ma in l y  t o  t he  more  pos i t i ve l y  cha rged  IRS  o f  t he  po rc ine
enzyme. This hypothesis  is  s t rongly supported by the observat ' ion that  a semisynthe-
t i c  bov ine  PLAZ  w i th  A rg  i ns tead  o f  Asn  a t  pos i t i on  6  (Van  Scha r renbu rg  e t  a l . ,
1981) shows k inet ic  propert ies very s imi lar  to  those of  the porc ine enzyme.
In chapter  3 we descr ibe the determinat ion and ref inement  of  the st ructure of
bov ine  phospho l i pase  A ,  cova len t l y  mod i f i ed  w i t h  p -b romo-phenacy l -b rom ide .  Vo lwe rk
e t  a l .  ( 1974 )  had  shown  tha t  t h i s  reagen t  spec i f i ca l l y  mod i f i es  H i s  48  o f  t he  ac t i ve
s i t e  cova len t l y .  The  mod i f i ed  enzyme becomes  i nac t i ve  due  to  t he  i nab i l i t y  t o  b ind
monomer ic  substrates and Ca2*.  However,  i ts  in teract ion wi th aggregated substrates
is  v i r tual ly  unaf fected.  Crysta ls  of  th is  der ivat ive had grown under the same condi-
t ions as for  the nat ive enzyme, and were found to be near ly  isomorphous w' i th  those
of  the bovine pro-enzyme. Deta i . led knowledge of  the in teract ions of  the modi fy ing
g roup  w i th  t he  ac t i ve  s i t e  o f  phospho l i pase  A ,  may  p rov ide  a  good  s ta r t i ng  po in t  f o r
t he  des ign  and  deve lopmen t  o f  phospho l i pase  A ,  i nh ib i t o r y  d rugs .  Such  d rugs  a re  ve ry
much  sough t  a f t e r  because  o f  t he i r  poss ib le  e f f ec t s  and  o the r  unwan ted  ce l l u l a r
responses  to  exogenous  s t imu l i  i nvo l v i ng  the  l i be ra t i on  o f  a rach idon i c  ac id  by
in t race l l u l a r  PLA2 ' s .  The re fo re ,  t he  s t ruc tu re  o f  t he  mod i f i ed  enzyme was  de te rm ined
a t  2 .5  R  reso lu t i on  and  re f i ned  to  a  c r ys ta l l og raph i c  R - fac to r  o f  0 .25 .  Da ta  we re
co l l ec ted  f rom one  s ing le  c r ys ta l  o f  0 .2  x  0 .2  x  0 .2  mmr  by  t he  sc reen less  osc i l l a -
t ion f i lm method.  Compar ison of  the ref ined model  wi th the st ructure of  the nat ive
enzyme shows that  no great  conformat ional  changes occur  in  the act ive s i te  and the
hyd rophob i c  res idues  su r round ing  i t .  As  expec ted  the  mod i f y i ng  g roup  was  found  to
make  favou rab le  i n te rac t i ons  w i th  t he  hyd rophob i c  wa l l  su r round ing  the  ac t i ve  s i t e ,
espec ia l l y  w i t h  t he  s i de  cha ins  o f  t he  abso lu te l y  conse rved  res idues  Phe  5  and  Phe
106,  and the d isul f ide bond between Cys 29 and Cys 45.  Large conformat ional  d i f fe-
rences!  however,  were found for  the res idues 63-71,  which are some 15 -  20 I  removed
from the modj f ied res idue.  How these long range ef fects are t ransmit ted is  not  com-
p le te l y  c l a r i f i ed  ye t ,  bu t  i t  appea rs  t ha t  sma l l  d i f f e rences  i n  hyd rogen  bond ing
sys tems  p lay  an  impor tan t  ro le .  I t  i s  no tewor thy  t ha t  t he  d i f f e r i ng  reg ion  o f  t he
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structure coinc ides wi th that  Dart  which has a lso a d i f ferent  conformat ion in  the
po rc ine  enzyme,  and  due  to  d i so rde r  i s  no t  v i s i b l e  i n  t he  s t ruc tu res  o f  t he  bov ine
p ro -enzyme (D i j ks t ra  e t  a l . , 1982 )  and  o f  t he  N - te rm ina l l y  t r ansamina ted  bov ine
enzyme (D i j ks t ra  e t  a l . ,  1984 ) .  A  poss ib le  f unc t i on  o f  t he  appa ren t  con fonna t i ona l
f reedom of  th is  par t  of  the st ructure of  pancreat ic  phosphol ipases wi th respect  to
t h e i r  a c t i o n  w i l l  b e  q i v e n  f u r t h e r  b e l o w .
In  chap te r  4  we  p resen t  t he  resu l t s  ob ta ined  w i th  c r ys ta l s  o f  bov ine  panc rea -
t ic  phosphol ipase A,  grown under s tandard condi t ions in  the presence of  a non-
hyd ro l ysab le  g l yce rosu l f a te  subs t ra te -ana logue .  A l so  i n  t h i s  case  the  c rys ta l s
turned out  to  be near ly  isomorphous wi th those of  the bovine pro-enzyme. Unfor tu-
na te l y ,  no  subs t ra te -ana logue  mo lecu le  cou ld  be  de tec ted  and  the  change  i n  c r ys ta l
f o rm  mos t  p robab l y  was  no t  due  to  b ind ing  o f  t he  subs t ra te -ana logue  i n the  ac t i ve
s i t e .  Add i t i ona l l y ,  we  found  tha t  a l so  i n  t h i s  case  the  reg ion  o f  r es idues  63 -72  i s
so  d i so rde red  o r  mob i l e  t ha t  t he re  i s  no  i n te rp re tab le  e lec t ron  dens i t y  f o r  t h i s
par t  of  the st ructure.  Taken together ,  these f ind ings suggest  that ,  under the
c rys ta l l  i za t i on  cond i t i ons  used ,  t h i s  subs t ra te -ana logue  does  no t  b ind  to  t he
ac t i ve  s i t e  o f  bov ine  PLA2 ,  bu t  ra the r  i n te rac t s  w i t h  res idues  a t  t he  su r face  o f
t he  mo lecu le ,  i nduc ing  a  c r ys ta l  f o rm  d i f f e ren t  f r om tha t  o f  t he  na t i ve  enzyme
a l o n e .
In chapter  5 we compare the crysta l  s t ructure of  bovine pancreat ic  phosphol i -
pase  A .  re f i ned  a t  1 .7  Ê ,  w i t h  t ha t  o f  t he  d imer i c  enzyme f rom the  venom o f  a
rat t le  snake (Crota lus atz,or) ,  ref ined at  2.5 I  resolut ion.  The lat ter  has been re-
po r ted  to  be  ac t i ve  i n  a  d imer i c  f o rm  on l y .  The  g loba l  f o l d i ng  pa t te rns  o f  t he  two
enzymesare  ve ry  s im i l a r ,  excep t  f o r  r eg ions  a round  i nse r t i ons  and  de le t i ons .  The
th ree  ma io r  he l i ces  and  much  o f  t he  po l ypep t i de  cha in  w i t hou t  seconda ry  s t ruc tu re
fo rm a  "homo logous  co re " ,  wh i ch  i s  nea r l y  i den t i ca l  i n  bo th  cases .  A l so  t he  two -
s t randed  be ta -s t ruc tu res  a re  s t r i k i ng l y  s im i l a r  i n  bo th  enzymes ,  a l t hough  the i r
o r i en ta t i on  w i t h  respec t  t o  t he  rema inde r  o f  t he  mo lecu le  d i f f e r s  due  to  t he  absence
of  Cys 11 and Cys 77 in  the snake venom enzyme. In the pancreat ic  enzymes these
res idues  fo rm a  d i su l f i de  b r i dge .  The  a toms  o f  t he  abso lu te l y  conse rved  res idues
His 48,  Iyr  52,  Iyr  73 and Asp 99,  which fonn an a lso conserved internal  hydrogen-
bonded  ne twork ,  and  the  hyd rophob i c  wa l l  su r round ing  i t ,  a re  v i r t ua l l y  supe r imposa -
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b le  i n  t he  two  s t ruc tu res .  The  h igh l y  conse rved  Caz* -b ind ing  l oop  has  d i f f e ren t
conformat ions due to the absence of  Ca?+ and the fonnat ion of  d imer s tabi l iz ing
in te rac t i ons  i n  t he  venom enzyme c rys ta l s .
An  i n te res t i ng  f ea tu re  i s  t he  de le t i on  o f  8  am ino  ac ids  i n  t he  reg ion  co r res -
pond ing  to  res idues  56 -65  o f  t he  panc rea t i c  enzyme.  The  resu l t i ng  sho r ten ing  o f  t he
cha in  a l l ows  fo r  t he  d imer  f o rma t i on  o f  t he  venom PLA2 .  A  poss ib le  f unc t i ona l  s i g -
n i f i cance  o f  t h i s  d i f f e rence  w i l l  be  g i ven  fu r the r  be low .  A  somewha t  puzz l i ng  ob -
se rva t i on  f r om a  func t i ona l  po in t  o f  v i ew  i s  t he  f ac t  t ha t  t he  access  o f  subs t ra tes
to  t he  ac t i ve  s i t e  i s  subs tan t i a l l y  sh ie lded  by  i n te r - subun i t  con tac t s  i n  t he  d imer
o f  t he  snake  venom PLAZ.  Toge the r  w i t h  t he  absence  o f  a  bound  Caz* - i on ,  t h i s  f i n -
d ing  sugges ts  t ha t  t he  obse rved  con fo rma t i on  i s  no t  necessa r i l y  t ha t  o f  a  ca ta l y -
t i c a l l y  a c t i v e  d i m e r .
I n  chap te r  6  we  p resen t  t he  f i r s t  r esu l t s  ob ta ined  w i th  da ta  f r om a  'FA$T
Area  Scann ing  TV-de tec to r '  (FAST)  d i f f r ac tome te r .  l ^ l i t h  t h i s  dev i ce  d i f f r ac t i on
pa t te rn  i n tens i t i es  can  be  co l l ec ted  a t  much  h ighe r  ra tes  and  w i th  h ighe r  e f f i c i en -
cy  t han  w i th  o rd ina ry  d i f f r ac tome te rs  and  w i thou t  t he  need  fo r  t ime  consuming  d ig i -
t i za t i on  and  eva lua t i on  o f  l a rge  numbers  o f  osc i l l a t i on  f i lms .  C rys ta l s  o f  bov ine
pancreat ic  PLA2 grown under normal  condi t ions (50% v/v MPD) and subsequent ly  soaked
' i n  a  30% v / v  me thano l  so lu t i on  we re  chosen  as  a  t es t  case .  L ip id  b ind ing  to  c r ys ta l s
o f  bov ine  phospho l i pase  A ,  unde r  s tanda rd  c r ys ta l l i za t i on  cond i t i ons  i s  f ound  to  be
extremely poor  and might  be improved by a more polar  envi ronment .  Therefore we
t rans fe r red  c rys ta l s  g rown  unde r  s tanda rd  cond i t i ons  t o  a  so lu t i on  con ta in ing
methano l  i ns tead  o f  t he  MPD in  t he  same bu f fe r  so lu t i on .  The  c rys ta l s  rema ined  i n -
t ac t  unde r  t hese  cond i t i ons .  I n tens i t y  d i f f e rences  were  obse rved  on  p recess ion
pho tog raphs ,  wh i l e  t he  ce l l  d imens ions  were  no t  no t i ceab l y  a f f ec ted .  To  examine  the
s t ruc tu ra l  d i f f e rences  l ead ing  to  t hese  i n tens i t y  d i f f e rences ,  a  t h ree -d imens iona l
da ta  se t  t o  h igh  reso lu t i on  (1 .75  8 )  was  co l l ec ted  w i th  t he  FAST-d i f f r ac tome te r .
The  da ta  ob ta ined  f rom th i s  i ns t rumen t  we re  j udged  to  be  o f  good  qua l i t y  based  on
R^ . ._ -va lues  (on  F )  i n  t he  range  o f  0 .033  -  0 .068  fo r  t he  va r i ous  pa r t i a l  da ta  se t ssvm
aná  an  ove ra l l  R r . rgu -uu lue  o f  0 .034  (on  F )  a f t e r  sca l i ng .  The  R- fac to r  be tween  the
data f rom normal  crysta ls  col lected on a CAD4-di f f ractometer  and the new data was
0 .146  on  some 7400  s t ruc tu re  f ac to rs .  A  s im i l a r  compar i son  o f  CAD4-  and  FAST-da ta
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fo r  c r ys ta l s  f r om MPD-so lu t i ons  on l y  gave  an  R- fac to r  o f  0 .064 .
The ref inement  of  the bovine PLA2 model  against  the new data brought  the R-
fac to r  f r om an  i n i t i a l  va lue  o f  0 .276  down  to  0 .183 .  No  ma jo r  con fo rma t i ona l  changes
wi th respect  to  the star t ing model  were found,  but  rather  smal1 changes spread over
the  who le  mo lecu le ,  amoun t i ng  t o  an  r .m .s .  d i f f e rence  i n  a tom ic  pos i t i ons  o f  0 .66  Ê
fo r  t he  958  p ro te in  non -hyd rogen  a toms ,  i nc lud ing  the  Ca2+- ion .  The  l a rges t  f r ac t i on
of  th is  d i f ference comes f rom a reor ientat ion of  a few s ide-chains at  the sur face
o f  t he  mo lecu le .  Thus ,  s i gn i f i can t  d i f f e rences  i n  d i f f r ac t i on  pa t te rn  ' i n tens i t i es
may be due to only  minor  s t ructura l  changes.
z.z.  9ererql-99!9lc9i9! :
The three-dimensional  s t ructure of  secretory phosphol ipases A,  f rom three
di f ferent  species are now known: The bovine pancreat ic  enzyme and i ts  pro-enzyme,
the porc ine pancreat ic  enzyme and the enzyme f rom the venom of  the rat t le  snake
CrotaLus at ror .  These three enzymes how high degrees of  homology in  thei r  amino
ac id  sequences ,  wh i ch  a re  even  su rpassed  by  t he i r  s t ruc tu ra l  s im i l a r i t i es .  S ign i -
f i can t  s t ruc tu ra l  d i f f e rences  were  ma in l y  due  to  i nse r t i ons  o r  de le t i ons .
In the remainder of  th is  chapter  we want  to address two important  quest ions:
1 )  How i s  t he  i n te rac t i on  o f  t he  enzyme w i th  monomer i c  subs t ra tes?
2) What  can we say about  the in teract ion of  the enzymes wi th aggregated substrates?
Conce rn ing  the  f i r s t  ques t i on ,  we  have  shown  tha t  t he  ac t i ve  s i t es  o f  a l l
PLAZ 's  w i t h  known  th ree -d ' imens iona l  s t ruc tu re  a t  t h i s  t ime  a re  v i r t ua l l y  i den t i ca l .
Th i s  means  tha t  mos t  p robab l y  t he  i n te rac t i ons  o f  t hese  enzymes  w i th  monomer i c  sub -
s t ra tes  a re  i den t i ca l .  Un fo r tuna te l y ,  f r om ou r  s tud ies  w i t h  t he  g l yce rosu l f a te
ana logue  we  cou ld  no t  d raw  a  f i rm  conc lus ' i on  on  how an  i nh ib i t o r  ve ry  s im i l a r  t o
an  ac tua l  subs t ra te  mo lecu le  b inds  to  t he  ac t i ve  s i t e  o f  phospho l i pase  A r .  The  on l y
resu l t  pe r ta in ing  to  t h i s  i ssue  comes  f rom ou r  s tud ies  w i t h  t he  p -b romo-phenacy l
mod i f i ed  bov ine  enzyme.  The re  we  have  shown  tha t  Phe  5 ,  Phe  106  and  the  d i su l f i de
bond between Cys 29 and Cys 45 very probably p lay an important  ro le in  the hydro-
phob i c  i n te rac t i on  be tween  enzyme and  monomer i c  subs t ra te  mo lecu les .  Espec ia l l y
the  i nvo l vemen t  o f  t he  abso lu te l y  conse rved  i su l f i de  bond  i s  ve ry  i n te res t i ng .
